Using geographic information systems (GIS) and routinely collected data, we explored whether childhood residence near busy roads was associated with asthma in a low-income population in San Diego County, California. We examined the locations of residences of 5,996 children . 14 years of age who were diagnosed with asthma in 1993 and compared them to a random control series of nonrespiratory diagnoses (n m 2,284). Locations of the children's residences were linked to traffic count data at streets within 550 ft. We also em ed the number of medical care visit in 1993 for children with asthma to determine if the number ofvisits was related to traffic flow. Analysis of the distribution of cases and controls by quintiles and by the 90th, 95th, and 99th percentiles of traffic flow at the highest traffic street, nearest street, and total ofall streets within a 550-ft buffer region did not show any significantly elevated odds ratios. However, among cases, those residing near high traffic flows (measured at the nearest street) were more likely than those residing near lower traffic flows to have two or more medical care visits for asthma than to have only one visit for asthma during the year. The results ofthis exploratory study suggest that higher traffic flows may be related to an.increase in repeated medical visits for asthmatic children. Several studies conducted in the last 5 years have used proximity to traffic flow as a proxy for exposure to traffic exhaust. These studies found associations between traffic flow and increased risks of childhood hospital admissions (4), respiratory symptoms (5,6), and decreased lung function (7). In these studies, data on traffic flow were obtained by self-report (6) using the highest traffic volume in the school district (5), measuring distances from residences to streets on maps and assigning traffic density (7), and linking traffic flow data to residential postal zip codes (8) .
Asthma is the most common chronic disease among children and the most common diagnosis leading to childhood hospitalization in the United States (1) . Air pollutants that are found near busy roads as a product of traffic exhaust, such as NO2 and particulate matter, have been shown to be associated with respiratory illness in children (2, 3) .
Several studies conducted in the last 5 years have used proximity to traffic flow as a proxy for exposure to traffic exhaust. These studies found associations between traffic flow and increased risks of childhood hospital admissions (4), respiratory symptoms (5, 6) , and decreased lung function (7) . In these studies, data on traffic flow were obtained by self-report (6) using the highest traffic volume in the school district (5) , measuring distances from residences to streets on maps and assigning traffic density (7) , and linking traffic flow data to residential postal zip codes (8) .
We were interested in examining whether a childhood residence near busy roads was associated with asthma in a lowincome population in San Diego County, California. We also wanted to determine whether a child's risk for multiple asthmarelated medical care visits increased as a function of traffic flow in the study area. San Diego County was chosen due to the availability of comprehensive traffic information and because health data were available from an ongoing geographic information systems (GIS) study of environmental, demographic, and health characteristics in the California/ Baja California border region (54.
Recent availability of geocodable health data (ability to locate residences in space) and more widespread use of GIS give health researchers greater ability to link exposure information to individual addresses. We investigated whether GIS could be useful in linking traffic volume information to asthma cases and a random control series that were obtained from routinely collected billing information, which would provide a more accurate exposure assessment than linking asthma cases to average exposure values in an area, as is often done in an ecologic study design approach.
Methods
Health data. We (Figure 1) . Because an examination of several air emission dispersion models indicated 80-90% decay of pollutants between 492 and 656 ft (15, 16) , we chose a 550-ft buffer as an approximation of the exposure influence of traffic. All street segments with attributed ADT data were captured for each case and control within the buffered region. In this way we were able to link each study subject with the number of street segments having ADT data within the buffer region. For each study subject we were also able to determine the distance from the subject's residence to each street segment and the number of cars per day traveled on each street segment within the subject's buffered region.
We examined the differences in proportions by case-control status for 1990 census block group level variables and for individual level variables (sex, race/ethnicity, age, and visit type-physician visit, outpatient, or inpatient). We used Wilcoxon rank sum tests to assess the statistical significance of differences in average traffic volume for the street with the highest traffic volume within the buffer, the closest street to the residence, and for the sum of all streets within the 550-ft buffer region by case-control status. If two streets were equidistant from the residence, the street with the highest traffic volume was selected as the dosest street [n = 10 (0.2%) for cases and n = 2 (0.2%) for controls]. We also calculated odds ratios (ORs) and 95% confidence intervals (CIs) (based on the traffic flow distribution for the controls) for each quintile of traffic flow and for the 90th, 95th, and 99th percentiles of flow for the three street classifications. We (19) , which assumes no wind and that pollutants are essentially inert and disperse from the source (Pearson model) . This model uses a Gaussian probability distribution which assumes that 96% of the pollutants disperse at 500 ft. The model was expressed by
where D is the distance from the street to the residence and Yis the weighting value. For comparison, we also used a Gaussian curve dispersion model with assumptions of neutral wind stability, a wind speed of 1 m/sec, and a pollution concentration height of 1 m (Gaussian model) (20) . Traffic at distances < 20 m from each case and control residence was weighted by 1.0 for this second model. Using weightings from these two models (Pearson and Gaussian models), we recalculated odds ratios and 95% confidence intervals for the three street classifications: a) the street with the highest traffic volume, b) the closest street to the residence, and c) at all streets within the 550-ft buffer region.
We also analyzed the relationship between case-control status and the actual distance from the residence to the closest street and the street with the highest traffic To examine whether traffic flow may be related to the frequency of medical care visits for asthma, we computed the number of physician, inpatient, and outpatient visits during 1993 for each case. The amount of average daily traffic (at the street with the highest traffic volume, at the closest street to the residence, and at all streets within the 550-ft buffer region) was compared for cases with two or more visits for asthma and for cases with only one visit during the year. We calculated the odds ratios and 95% confidence intervals for each quintile of traffic flow (based on the traffic flow distribution for those with one visit), and for the 90th, 95th, and 99th percentiles for the three street classifications (highest, nearest, and total). We also analyzed the relationship between the number of each case's medical care visits for asthma and the actual distance from that child's residence to the nearest street, as well as the distance from the residence to the street with the highest traffic flow. We used SAS, Version 6.12 (22, and EPI-INFO, Version 5.01a (23) , for all statistical analyses.
Results
Case-control analysis. Table 1 shows the distribution of ICD-9 codes among the controls. Approximately one-fourth of the controls had diagnoses for nervous system and sense organ diseases, primarily disorders of refraction (nearsightedness/farsightedness), conjunctiva disorders, ear infections, and hearing loss. Other large diagnostic categories included injuries (14%), ill-defined conditions (symptoms that point with "equal suspicion to two or more diseases or two or more systems of the body, without the necessary study to make a final diagnosis"; 10.9%), and contact with the health care system (V codes; 15.6%). Tables 2 and 3 show the distribution of cases and controls by individual and census characteristics. Cases were more likely to be male and black, and less likely to be Hispanic. Cases were also older, more likely than controls to be seen in a physician's office, and less likely than controls to have hospital outpatient visits. Cases and controls had similar block group census characteristics such as unemployment, poverty level, and Analysis of traffic flow quintiles on streets within 550 ft of the residence showed that children with two or more medical care visits were more likely to have higher traffic flows at the nearest street than were children with only one visit (Table 6 ). Although there were elevated odds ratios at each traffic flow quintile, only the second quintile was statistically significant (5, ,000 cars/day vs. < 5,500 cars/day; OR = 2.14; 95% CI, 1.06-4.39). Adjustment for race (which was associated with the number of medical care visits and traffic volume among the cases) resulted in slight increases in the point estimates of the odds ratios (Table 6 ). Additional control for the type of medical care visit did not significantly change the magnitude of the odds ratios. The odds of a case having two or more medical visits (compared to one visit) was almost three times higher for individuals with Table 6 . Crude and adjusted odds ratios (ORs) and 95% confidence intervals (CIs) for two or more medical care visits versus one visit for cases for children 14 traffic flow greater than 41,000 cars/day (95th percentile) at the nearest street (OR = 2.89; 95% CI, 1.07-7.40).
We noted increasing risks of multiple medical care visits at the 90th, 95th, and 99th percentiles of traffic volume, although confidence intervals were wide due to the small number of cases with multiple medical care visits. Analysis of traffic flow quintiles for the highest and sum of all streets did not result in any statistically significant differences in cases by number of visits (not shown). We found no dose-response relationship for the analysis of medical visit status with distance to the nearest street or to the street with the highest traffic flow.
Analysis of medical visit status of cases by traffic flow for boys and girls separately showed that girls had significantly higher risks than boys for multiple medical care visits associated with traffic flow (Table 7) . We observed that the higher risks associated with the 90th, 95th, and 99th percentiles of traffic volume were almost entirely driven by the female population, with odds ratios of 3.82, 7.89, and 18.82, respectively.
Discussion
In this study we found no evidence of increased asthma risk with higher traffic counts near children's residences, even after distance weighting traffic counts using pollution dispersion models and controlling for potential confounders in a multivariate logistic regression model. However, among children diagnosed with asthma, we found that the number of medical care visits increased with higher traffic counts of nearest streets, particularly at the 90th, 95th, and 99th percentiles. These findings are consistent with asthma literature, which classifies air pollution as a contributing factor rather than a causal factor to asthma development (24) . Respiratory irritants such as SO2, NO2, and particulate matter, which are products of traffic exhaust, can cause respiratory irritation and have been shown to exacerbate asthmatic symptoms, but have not been thought to directly influence asthma prevalence (24) . Shima and Adachi (25) found higher serum hyaluronate levels (thought to be a biomarker of lung damage) in children in Japan who live near busy roads, as compared to those who lived farther away, but only among children who already had elevated IgE levels. This suggests that exposure to automobile exhaust may be particularly damaging to children already suffering from atopic illness.
We found an elevated risk of increased medical care visits among asthmatic children at the second quintile (5,500 cars/day) of traffic flow, but no further dose-response effect until the 95th percentile (41,000 cars/day). One explanation could be that exhaust fumes from traffic have a step-type threshold effect that was reached at the second quintile of exposure. This phenomenon has also been seen in children of smoking mothers for whom no increased incidence of asthma was noted until the mother smoked 10 or more cigarettes per day (26) . Because children in our study were from a lowincome urban area, baseline exposures for most subjects were relatively high.
When examining the risk of multiple medical care visits for asthma with traffic flow, we found that girls had significantly higher risks than boys at the highest percentiles of traffic flow (90th, 95th, and 99th). This finding is similar to that of Oosterlee et al. (27) higher prevalences of asthma and may be at higher risk of respiratory illness (29, Peters et al. (28) suggest that girls with asthma may be more affected by pollution because of sexrelated differences in rates ofgrowth in height and maximum lung size (with girls achieving this earlier than boys), which may affect their response to air pollutants.
Although we found evidence of increased number of asthma-related medical care visits with higher traffic, it is not clear if repeat visits are a marker of increased severity (or number) of asthmatic symptoms or of more comprehensive patient care. However, because children in this low-income population are less likely to have routine medical care, they may be at higher risk of asthma exacerbation due to air pollution than nonpoor populations (30) .
In this case-control study, we used GIS to facilitate our analysis of childhood residence and traffic flows. The GIS allowed quick linkage of traffic count information to geocoded addresses. Further, the GIS facilitated efficient computation of traffic counts at the nearest street to the residence of the case control and at the street with the highest traffic, and summed the total traffic count at all streets within a 550-ft buffer area. By providing individual-level estimates, this method results in less exposure misdassification than applying average exposure values in an area using an ecologic study design. Additionally, because we did not obtain exposure information via questionnaire or self-report, this study was not subject to information bias that could explain our results. Because we lacked information on time-activity patterns, we were unable to determine if the children were exposed to traffic exhaust at other locations, such as schools and day-care center playgrounds. This potential misclassification is likely to be random with respect to case-control status and therefore would result in biasing our risk estimates toward the null.
We used traffic counts as a proxy for vehicle exhaust, and weighted the counts as a function of the distance from the child's residence to the roadway. We did not model particulate matter or other constituents of traffic exhaust from traffic counts, as performed by Buckeridge et al. (31) (27) , nor was any relationship found between smoking status and distance from the residence to the road in a case-control study of 7,299 patients in East London, United Kingdom (8) .
We lacked information on residence history, thus, we were unable to ascertain the duration of exposure for the case-control analysis. Oosterlee et al. (27) reported that among those who lived near busy streets, families of asthmatic children had lived at their present addresses for shorter times than families with nonasthmatic children. If this selective migration also operated in our study population, the increased risk we found for multiple medical visits and traffic flow may have been underestimated.
Elevated levels of ambient air pollutants, which were not assessed in this study, may increase the risk of asthma exacerbation (32).
Delfino et al. (33) found a 25% increase in daily asthma symptoms for 12 subjects with a 90th percentile (25 
